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INTRODUCTION 
Modern contact lenses are the smallest, the least visible, and in certain optical respects the 
finest of all devices for correcting refractive errors of the eye. Correcting refractive errors by 
placing a lens directly on the eye was described many years b~fore a practical method to 
accomplish this was developed. The expanding contribution of contact lens use in improving 
vision makes it appropriate to inquire into the origins and development of these valuable 
ophthalmic resources. As with any complex technology, many steps occurred in the development 
of materials, manufacturing, fitting techniques and solutions. Hundreds of individuals have been 
involved in these accomplishments; it is not possible to acknowledge all of these people and each 
step in the process. Only the major contributions will be covered to give an overall concept of 
the development and time periods involved. 1 •2 
At this time there are five general contact lens materials: Polymethylmethacrylate 
(PMMA), Hydroxyethylmethacrylate (HEMA), Cellulose acetate butyrate (CAB}, Silicone, and 
Fluorine. Contact lenses made frorn these materials are then classified by one of two methods: 
1) relationship to the eye or 2) material type. Contact lenses classified by the relationship to 
the eye consist of three types: 1} scleral contact lenses, which fit over both the cornea and 
surrounding sclera, 2) semiscleral contact lenses, which bridge the limbus and lie partially on 
the conjunctival tissues overlying the sclera adjacent to the limbus, and 3) corneal contact 
lenses, which are confined to the cornea only. Contact lenses classified according to material 
consist of four types: 1} sofVflexible lenses, which can be folded so that the edges meet and, 
when released, return immediately to their normal shape with no damage, and are made from 
either hydrogels or silicon elastomers, 2) rigid gas permeable (RGP) lenses, which are made 
from CAB, silicone, silicone-acrylate materials, and fluorine-silicone-acrylate materials, 3) 
hard lenses, made from PMMA, and 4} flexible fluoropolymer lenses (FFP), made from fluorine 
containing polymers. 1 ,3,4 
I. HISTORY OF CONTACT LENS DEVELOPMENT (1508-1890) 
The earliest known reference to contact lenses was made in 1508 by Leonardo da Vinci in 
"Codex of the Eye, Manuscript D." He conceived the idea of neutralizing the cornea by providing 
the eye with a new frontal refracting surface, this is the basis upon which all contact lenses 
function. His diagrams illustrate concepts of immersing the eyes in a glass bowl filled with 
water or immersing the individual eye in a half-ampule filled with water. This resulted in the 
optical neutralization of the corneas where the bowl became the refracting surface and the water 
served as the tears between the glass and the cornea. These are not contact lenses in the modern 
sense of the word, but they deal with the principle basic to contact lens theory. 1 ,5,6,7 
For more than 1 00 years there is no further reference to the development of contact lenses. 
Then, in 1636, Rene Descartes, the French mathematician and philosopher, became the first 
individual to suggest placing a lens directly upon the cornea without scleral contact. In his 
"Ways of Perfecting Vision," he described what may be considered an elongated contact lens. He 
wrote that a glass tube filled with water held against the eye can accomplish the neutralization of 
the cornea. The end of the glass twbe became the new optical surface and served to enlarge the 
size of the retinal image. The French mathematician Philip de La Hire improved upon Descartes' 
tube lens later in the same century. His apparatus more closely resembled a contact lens and 
was recommended for the correction of myopia. 1 •4•5•6 Even with these early suggestions, the 
real history of contact lenses did not begin until the 19th century. 
In 1801, Thomas Young described a neutralizing surface for the cornea that was a 
forerunner of the modern contact lens. He took the biconvex lens from a microscope and attached 
it at the end of a tube filled with water. He held the other end of the tube to his eye and noted that 
this device neutralized the refractive power of his cornea. 8 Young provided the immediate 
stimulus leading to the first optical correction of astigmatism, by G.S. Airy in 1827. His work, 
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in turn, led to the proposals made by Sir John F.W. Herschel, 5•6 who speculated that a "glass 
shell" could be used to protect the cornea from a diseased eyelid. This and .other proposals give 
Herschel an honorary place in the evolution of contact lenses. He linked the early period 
associated with optical theories to the beginnings of the clinical struggle -- his widely 
circulated proposals pointed out that contact lenses were optically feasible. 1 ,5 
The preceding concepts not withstanding, the first contact lenses known to have been worn on 
the cornea were not developed until 1888. At that time two men, working independently, 
invented adhering lenses which could be worn in direct contact with the eyes. One of the men, 
Dr. A.E. Fick of Zurich, is given credit for being the first to use the terminology "contact lens" 
when he wrote a treatise entitled "A Contact Specticale." In it he described the first contact glass 
lenses to be worn to correct vision. Fick made a substantial number of casts of cadaver eyes and 
from these molds had lenses made of blown glass. He experimented with both small glass lenses 
that rested on the cornea and larger lehses that covered the cornea but rested on the sclera, and 
found the larger scleral lenses to be better supported and more comfortable. Fick suggested the 
use of contact lenses for keratoconus, aphakia, or as prosthetic/cosmetic lenses; he postulated 
the use of pinhole lenses and described what later became known as "Sattler's veil." 2,5 ,B,9, 1 ° 
Simultaneously with Dr. Fick, Dr. Eugene Kalt, Chief of Mom~ieur Panas' Clinic in Paris, 
designed and fitted glass corneal contact lenses. The fitting of these lenses was based on 
me~surements of the corneal curvature using an ophthalmometer and the lenses were used 
primarily for the correction of keratoconus. 2• 1 0 In 1889, August Muller and Otto Himmler 
made the first ground contact lenses. Muller is also given credit for the first use of the term 
"corneal lenses" when he used the word "hornhautlinsen" (corneal lenses) in his inaugural 
thesis. 1,9 Early work was also done by Galezowsky and F.A. Muller. Thus, by 1890 the 
foundation had been laid for the correction of certain refractive errors, protection of the cornea, 
neutralization of corneal irregularity, and the use of contact lenses as an applicator of 
ophthalmic drugs. 5 
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II. HISTORY OF CONTACT LENS DEVELOPMENT (1890·1930) 
From the early 1890s until the 1930s only some minor advances were made in the design 
and fabrication of contact lenses, mainly by the scientists at the Carl Zeiss Optical Works. These 
developments increased the public acceptance of scleral glass contact lenses. 2,11 During this 
period the inability to ensure both good toleration and good vision for the majority of contact 
lens patients was due primarily to the ,fimited understanding of detailed corneal topography, the 
physiology of the anterior segment and the eye's responses to the pontact lens. 5 The choice of 
contact lenses lay between blown glass lenses manufactured by Muller of Wiesbaden and the 
ground glass lenses such as those made by Zeiss. The former were inferior in consistency of 
optical quality, but superior to the latter in comfort and duration of wearing. 5 During the 
1920-1930 period, the trial fitting set as we know it today began to emerge. The Zeiss 
preformed development fitting method began with Dr. W. Stock's four lens set and developed to 
the massive afocal lens sets devised by Professor Leopold Heine. 5• 11 During the initial fitting 
and until the patient had developed a tolerance for the scleral contact lenses, it was standard 
procedure to anesthetize the eye.11 
The other fitting method of this period utilized an impression of the eye. There are two basic 
techniques for making an impression and initially they both use 0.5 percent pontocaine as an 
anesthetic. In the injection technique, an impression shell with a hollow handle is inserted 
under the lids and material is injected from a syringe through the handle to fill the space 
between the eye and the shell. In the insertion technique, an impression tray is filled with the 
impression material and then inserted under the lids and onto the eye. 5 The main obstacle to 
obtaining an accurate impression during this period lay in the impression material itself. But 
in 1931, Dr. Joseph Dalles of Hungary invented a satisfactory impression routine using 
Negocoll, a seaweed derivative, as an impression material and Muller contact lenses as 
impression trays. 5•9 
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There are two basic types of scleral lenses: fluid and fluidless. The fluid lens contains a 
deep corneal vault which serves as a reservoir for artificial fluid. The fluidless lens 
approximates the corneal curvature and does not require the use of artificial fluid. 12 The fluid 
scleral lens was the only one in use during this period and an artificial fluid was used which 
attempted to balance the hydrogen ion concentration. Solutions used included sodium chloride, 
potassium chloride, sodium bicarbonate, sodium phosphate, and boric acid. 1 1 Many 
researchers were led astray by the apparent comfort of wide corneal clearance and tlie search 
for the "elixir" of an ideal contact lens solution. One notable exception was Joseph Dallos who in 
the late 1930's, believed that the natural body fluid afforded the best chance of success. He set 
out to conserve the tear reservoir to allow for its interchange by fresh tears. 5 It was this 
concept, along with the successful methods of making eye impressions which opened up the next 
period in contact lens development. 
Ill. HISTORY OF CONTACT LENS DEVELOPMENT (1930-1989) 
In the late 1930's, a major change occurred with the acceptance of plastic as a substitute 
for glass. This plastic, PMMA, was originally developed for use in the canopies of fighter 
aircraft. 6 Because plastic was not yet optically acceptable, in 1937 Dr. William Feinbloom 
developed a scleral lens consisting of a central optical portion made of glass with the 
surrounding portion made of plastic. He was the first American to utilize this new PMMA 
material for contact lenses and found that their lightness, workability, and compatibility with 
ocular tissues were advantageous factors. 1 ·2•8•9· 11 In 1938, T.E. Obrig in the U.S., C.W. Dixey 
in England, and Gyorffy in Hungary simultaneously introduced the first totally plastic contact 
lens. 5,13 Obrig reported rapid strides in the use of PMMA, considering this lens to be the 
"ideal conception of the perfect contact lens."5 He recognized that much of contact lens 
intolerance was due to limbal pressure and pointed out that the size of each individual cornea 
was variable. He therefore made measurements from a large number of impression casts and 
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produced his famous table showing average corneal dimensions; this set the pattern for full 
corneal clearance fitting during the following decade. 5·9 Thus, PMMA began to replace glass 
because of its toughness, increasingly finer optical properties and physiological inactivity. 14 
In addition, plastic offered greater lat!tude in fabrication and fitting, as it could be ground, 
polished and molded easily; this opened the way for successful corneal lenses. 2•5 
Plastic scleral lenses continu€1d to improve during the next t~n years. During the early 
1940's, it was discovered that the minimal wearing time possible with the scleral lens was due 
to the lack of oxygen supply to the cornea. 2 The principle of tear interchange in scleral lenses 
derived from Dallos' minimum clearance principles allowed the widespread achievement of 
longer tolerance for many scleral lens wearers. 5 In 1943, Norman Bier also increased the 
wearing time of plastic scleral lens wearers by perforating the lenses to allow ingress and 
egress of tears. 1 
The next major advancement in the evolution of contact lenses was the development of eye 
impression techniques that did not require the use of anesthetics; this was brought about because 
U.S. drug laws were instituted which required the presence of a physician to instill the 
anesthetic drops. 5• 11 The technique, developed in 1944 by L. Lester Beacher, used a small, 
plastic "corneal cap" in place of the anesthetic. This development led to ultimate inclusion of 
optical power in the former corneal covers and the development of the modern corneal contact 
lens. 11,15 
Kevin Tuohy, an optician from California, developed the first plastic corneal contact lens in 
1947-48. This lens was much larger than current corneal lenses; ranging in size from 10.8 to 
12.5 mm OAD and about 0.4 mm in center thickness. It included a peripheral curve which 
served to keep the edge of the lens from impinging on the sclera. 6• 12• 16 By 1952 the Tuohy 
lens had become well-known, but was still a poor competitor to the scleral lenses of that period. 
5 
Another breakthrough in the advancement of the contact lens was the introduction of the 
6 
monocurve "microlens" in 1952 by three men working independently: William P. Soehnges of 
Germany, Frank Dickinson of England and John C. Neill of the U.S. It had an OAD of 9.5 mm, was 
fit about 3-4 diopters flatter than K, proved to be a considerable improvement over the larger 
Tuohy lens, and appeared to offer an effective alternative to scleral lenses. 5,6,8, 12 The 
microlens, combined with Obrig's discovery of the use of blue light along with a fluorescein 
solution in the fitting procedure revolutionized contact lens wear in the U.S. 5•6 
During the period of 1955-56, concern with corneal apical erosion and curvature changes 
resulting from long wearing periods of the fla1 microlens led to the establishment of a new 
fitting principle known as "contouring the cornea", "paralleHng the cornea", or "corneal 
alignment". 1 •5•6 This concept in which the peripheral lens is contoi,Jred to parallel the cornea 
was first introduced by George Butterfield in 1950 but did not become popular until 1955 when 
N. Bier's "contour lens" philosophy led to the principles of apical clearance fitting. 1 •5 ·8 His 
lens included two graduated peripheral curves to approximate the shape of the cornea and a 
reduction in OAD between 8.2 to 9.2 mm. 5•6 The trends toward narrower intermediate and 
peripheral curves led to the manufacturing of various continuous back surface designs, some 
consisting of up to five or more curves to correspond to the contour of the cornea. The 
refinement of scleral and corneal lens design has allowed the fitting of a large majority of 
potential users and by the late 1950's 75% of wearers were able to achieve 12-16 hours of 
continuous daily wear with the multi-focal hard corneal lenses. 5 • 12 The late 1960's were 
characterized by the establishment of a series of aspheric corneal lenses ranging from the 
tangential conic periphery designs to the continuous offset bicurve principle to the lathe-cut 
continuous aspheric lenses. Thus, there has developed a wide range of corneal lens designs 
including toric, bitoric, and multifocal lenses available to successfully fit the vast majority of 
contact lens patients. 5 
The next rung in the contact lens ladder was the introduction of the "soft" or "hydrophilic" 
contact lens. Although known more commonly as soft or hydrophilic, the best name is "hydrogel" 
7 
contact lens which means that the lehs is made of a hydrogel polymer which absorbs and binds 
water into its molecular structure. 14 The development of macromolecular technology indicated 
as early as the 1940's that a synthesis of soft optical material was in principle feasible. 13 
However, the discovery of a material for a soft contact lens was not made with this in mind, but 
in an attempt to find a substance having optimal compatability towards living tissue. In 1952, 
the Czechoslovakian Ministry of Health Commission postulated four basic requirements for an 
ideal biomedical plastic: 1) absence of extractables, 2) chemical and biochemical stability, 3) 
high permeability for water soluble nutrients and metabolites, and 4) shape stability with a 
softness similar to that of the surrounding tissue. 13 Thus, the first hydrophilic gel was 
synthesized in 1954, by Dr. D. Lim, from copolymerization of 2-hydroxyethylmethacrylate 
(HEMA) combined with ethylenedinaethacrylate and was first used in human surgery as orbital 
implants. A cross-linked polymer HEMA, later known as Hydron, resulted in an optically pure 
form of the gel and gave rise to the idea of using it for correction of refractive errors. 13 The 
men who developed this optically pure HEMA were Dr. Otto Wichterle and Dr. D. Lim, two 
polymer chemists from the Prague (Czechoslovakia) Institute of Macromolecular Physics who 
previously did not have any knowledge about hard contact lenses. 13·1 4 The lenses were made by 
spin-casting HEMA and originally consisted of 50-60 percent water which could be squeezed out 
just like one can squeeze water from a sponge. 12,14 
Wichterle was unsuccessful in trying to persuade the hard contact lens specialists to 
cooperate; they regarded the idea of a contact lens made of a rubbery material as ridiculous and 
as a result the Czechoslovakian Ministry of Health put an end to the further applied research on 
gel contact lenses. Thus, Wichterle continued his research at home with his wife and by 1962 
they had manufactured 5500 contact lenses by polymerization in open rotating molds. The 
contact lenses were tested by Dr. Max Dreifus in the Second Eye Clinic of the Charles University 
in Prague. 13 Economic consequences were realized and three fully automated production lines 
were built to speed up the implemetation of the new technology. The lenses were initially 
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introduced in the belief that manufacturing costs would be so low as to provide disposable contact 
lenses. 5• 13 The United States entered the picture when the rights to the Czechoslovakian lens 
were acquired in 1965 by the National Patents Development Corporation, who in turn, licensed 
Bausch and Lomb in 1966 to its continued manufacture by the spin-casting process. 14 Bausch 
and Lomb spent five years in improving and developing all aspects of this spin-cast lens and 
eventually gained approval from the Food and Drug Administration in March, 1971. The lengthy 
development time in the U.S. was a direct result of action by the FDA, when in December, 1968 
they declared that soft contact lenses were a drug and thus required testing of the lenses and FDA 
approval before being marketed. 2,14 
An interesting incident occurred on Friday, March 12, 1964, almost two decades after the 
plastic contact lens was introduced, when the majority of the nation's newspapers and magazines 
printed articles with such headlines as "U.S. Investigates Plastic Lenses -- Blindness Linked." 
This episode in contact lens history was brought about by expert testimony before a hearing in 
the U.S. Senate and in a report to the FDA. As a result, the contact lens industry was thrown into 
a state of confusion. Time was needed to determine whether or not acrylic acid did in fact leach 
out of the plastic lens material 1 causing blindness. Of course, with the passing of time, this 
allegation proved false. 17 
Along with the development of hydrogel lenses, experimentation and development continued 
on lens plastics and flexible materials that did not absorb water. Although hydrogel lenses were 
a great advancement, they did not solve all the clinical problems and did not present the best 
correction for all patients. Conventional PMMA lenses were also inadequate in some cases. The 
main problem consisted of corneal edema from insufficient oxygen supply to the cornea. Thus, 
the developers of new polymers had as their main goal the increase of oxygen supply through the 
lens to the cornea. The first gas permeable material to be approved was cellulose acetate 
butyrate (CAB}. It was developed by Rynco Scientific Corporation and approved by the FDA in 
1978. The CAB lens has the optical and handling properties of a PMMA lens, combined with 
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additional gas permeability, as well as some of the comfort of a hydrogel lens. 2,8, 18, 19 This 
new, gas-permeable lens became popularly known as the rigid gas-permeable lens or RGP. 
Another gas permeable material emerged which was used in both soft lens and RGP 
manufacture. This new material is silicon and is characterized as being highly permeable to 
oxygen and carbon dioxide, non-permeable to liquids, flexible, but having an affinity for tear 
film debris. 2• 12• 19 Silicon is one of the most common substances on the earth. It has the 
property of joining with oxygen to produce long chain-like molecules which form the 
well-known substance silicone rubber. 1 Its first use in contact lenses was in a shape and form 
similar to a soft hydrogel lens. In 1958, Walter Becker, a Pittsburgh optician contacted 
chemists at Mellon Institute and expressed his ideas on a new contact lens material. Mellon 
Institute was conducting research with Dow Corning and together they produced a soft, clear, 
silicone rubber polymer from which Becker fabricated a contact lens. The Mueller-Welt 
Contact Lens Corporation purchased the rights to Becker's patent and worked closely with 
Corning to improve the model. In 1972, Dow Corning purchased the patent rights from 
Mueller-Welt and continued to improve the design, especially in the area of surface wettability. 
The Silsoft silicone elastomer contact lens was finally approved by the FDA for daily wear in 
June, 1981. 2•20 These soft silicone lenses are vastly superior to the hydrogel lenses based on 
oxygen diffusion, but have not become clinically acceptable because the lenses are hydrophobic 
which tend to make them absorb foreign substances such as cholesterol, cosmetics and lipophilic 
substances. They are also mote difficult to manufacture than other lens materials because the 
lenses must be formed in molds under heat and pressure. The lenses also tend to adhere to the 
corneal epithelium and render removal difficult. 2• 18• 19 
Silicon has also been utilized in combination with PMMA to increase the oxygen 
transmission to result in a silicon-acrylate RGP lens. This concept arose later than that of the 
soft silicone rubber lens, but was approved earlier by the FDA in 1979. This lens was 
developed by Syntex Ophthalmics, Inc. and is marketed under the name of Polycon. 2 Silicon 
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replaces some of the methyl groups of PMMA and the result is a copolymerization of 
methylmethacrylate and one of various siloxanyl alkyl methacrylates. 1 • 19 Compared to CAB, 
the silicon acrylate lenses have a greater dimensional stability and a higher oxygen 
transmission, thus most clinicians prefer the silicon acrylate lens. 18 
The most recent development in contact lens technology is the introduction of fluorine as a 
contact lens material component. It was first introduced in combination with silicon acrylate 
lenses to form a fluorosilicone acrylate RGP lens. This increased the oxygen transmission, but 
that was still primarily due to the presence of silicon. 4 The latest advancement is based on 
perfluoroether polymer technology, and represents the first completely new contact lens 
material to be introduced in the U.S. in the 1980's. The new material, Flurofocon A, does not fit 
into the current, generally accepted categories of hard, soft or RGP lenses which describe the 
primary physical characteristics of the materials from which they are made. Therefore, it is 
necessary to establish a new category for Flurofocon A and other materials possessing similar 
chemistry (which may be introduced in the future) as Flexible F!uoropolymer lenses (FFP). 
This new lens developed by 3M has the following characteristics: it contains between 0 and 40 
percent water; it contains no silicon; the OAD is from 10.0-13.5 mm; the wetting 
characteristics are excellent; and it has a high oxygen permeability resulting from the fluorine 
containing component. 4 
Of the five basic contact lens materials, PMMA, HEMA, CAS, silicon, and fluorine, the 
following is a list of all the various types currently being manufactured: airfocon 
(t-butylstyrene), bufilcon A, butylstyrene, cellulose acetate butyrate, crofilcon A, deltafilcon 
A, deltafilcon B, dimefocon A, droxifilcon, elastofilcon A, etafilcon, etafilcon A, focofilcon A, 
fluorex 700, fluorofocon A, fluorofocon B, fluorofocon C, fluoro-silicate acrylic, hefilcon, 
hefilcon A, hefilcon B, hydroxyethylmethacrylate, itafluorofocon A, itafocon A, itafocon B, 
lidofilcon A, lidofilcon B, methafilcon A, MMA/glycerolmethacrylate, MMA/glycerol MMA, 
nefacon A, ocufilcon, ocufilcon A, ocufilcon B, ocufilcon C, Optacryl 60, paflufocon A, paflufocon 
11 
B, paflufocon C, pasifocon A, pasifocon C, pentasilcon, perfilcon A, phemfilcon A, polyacrylate 
silicone, polymacon, polymethylmethacrylate, porofocon B, silafilcon A, silicon/MMA, surfilcon 
A, tefilcon, telefocon A, telefocon B, tetrafilcon A, vasurfilcon A, vefilcon, vifilcon A, vufilcon A, 
and xylofilcon A.19•21 
IV. MANUFACTURING TECHNIQUES 
There are two main methods used in the manufacture of contact lenses: 1) molding or 
spin-casting and 2) generating or lathe-cutting. The basic techniques are the same for all types 
of lenses, except for the pure silicon lenses as stated previously, with just minor variations 
between the hydrogels and the hard/rigid plastic lenses. The method of choice is usually 
determined by two factors: 1) the material determines, by its properties, which process can be 
used, and 2) the methods are, in some instances, only applicabl~ to a reproduction technique 
requiring several lenses of one specification to be made in unit time. 13, 14 
The basic technique for lathe-cutting (or generating) starts with blanks that are stored in 
moisture-proof containers. This method of manufacture is basically the same for both 
hard/rigid and hydrogel lenses, and is the main method of manLJfacturing hydrogel lenses 
throughout the world. The primary order of manufacture consists of: 1) cutting back surfaces, 
2) polishing back surfaces, 3) peripheral curves, 4) cutting front surfaces, 5) polishing front 
surfaces, 6) edge shaping, 7) polishing and blending peripheral curves, and 8) edge polishing. 
For hydrogel lenses, an environment which would cause the lens to start to hydrate before 
completion must be avoided. The lenses are lathed in the dry state in a temperature and humidity 
controlled laboratory, and are kept in the dry, dehydrated state until the manufacturing process 
is complete. All materials that come in direct contact with the lens must be completely free 
from moisture; this is accomplished by storing them in an incubator. The polish must be free of 
water. The technicians must take great care not to breathe over the lens nor touch the surface 
with their skin. If any of these precautions are not met, the surface starts to hydrate 
12 
prematurely which affects the final hydrated parameters and may result in areas that are 
relatively hydrophobic. After the manufacturing process is completed, the lenses are then 
hydrated and sterilized with a certain percentage of the lenses retained for standard sterility 
testing and quality control. 13,14 
The spin-casting technique of molding lenses is used only for hydrogel lenses. The general 
procedure involves spinning a mold, at a computer-controlled speed, into which the mixture of 
monomers is injected. The front surface of the lens is determined by the slope of the mold and 
the back surface by the rate of spin of the mold. The centripetal force causes the mixture to 
climb the wall of the mold to form into the required shape. When the liquid has spread to the 
edges of the mold and reached a state of equilibrium, polymerization takes place simultaneously 
with the spinning. A more rapid spin results in the material rising higher, producing a lens 
with more minus or less plus power. Therefore, the spin-cast lertses have a continuously 
variable base curve. The formed dehydrated lens has to be edged before being hydrated and 
released from its mold. The free-formed liquid surface is a fine optical surface. The spin 
technique results in a polymer which is characteristically free of surface defects and 
interstitial imperfections. 13 • 14 • 1 9 
Advantages of spin-cast lenses include: 1) parabolic fitting curve, 2) high quality surface 
finish, and 3) rapid fabrication system. Advantages of lathe-cut lenses include: 1) any power 
of lens can be fabricated, 2) d~fferent lens designs can be considered, 3) high degree of 
dimensional accuracy can be maintained by checking lenses in the dry state, and 4) the generated 
surfaces, being spherical, give stable visual performance.13 
Another manufacturing method used primarily for the production of soft, silicon lenses and 
sometimes for PMMA and RGP lenses is the technique of compression molding. It requires 
separate steel tools for both front and back surfaces. Under controlled conditions of heat and 
pressure, front and back curves are produced simultaneously on a disc of contact lens material 
inserted between the tools. It must then be cut to the required OAD and edged. 14 
13 
V. THERAPEUTIC USES FOR CONTACT LENSES 
Some of the earliest clinical uses for contact lenses, during the 1880's, included therapeutic 
uses and mechanical protection for a vulnerable eye. A glass scleral contact lens was used then, 
now hydrogel contact lenses have proven to be a valuable therapy in a number of serious corneal 
diseases. The most obvious contribution of a therapeutic hydrogel lens is the reduction of 
trauma from eyelid abnormalities or eyelash aberrations. They are also used for optical 
correction of scarred, deformed corneas in situations where hard lenses do not adequately 
provide optimal vision. The hydrogel lens provides one of the few effective therapies for the dry 
eye syndromes in which artificial tears alone are unsatisfactory. The lens provides a stable, 
moist environment for an otherwise desiccated epithelium. Ulcers can be effectively treated 
with a hydrogel lens. The lens acts as an efficient protective bandage, shielding the ulcer from 
the repetitive irritating influences of the actions of the eyelid and permits epithelium to grow 
across the denuded area. Many conditions of the cornea, such as granular dystrophy, are painful 
due to the lid action on the corneal nerve endings, and if the cornea is protected by a contact lens 
bandage, the physical discomfort can be considerably reduced or eliminated altogether. 
1,14,17,18 
An effective method for classifying the use of hydrogel lenses in a therapeutic manner is the 
one used by Louis J. Catania, O.D., and is one that I will use here. 1) Congenital and acquired 
disfigurements and anomalies which include: aniridia--cosmetic relief and visual 
improvement, albinism --cosmetic relief and visual improvement, traumatic disfigurements 
--cosmetic relief, diplopia and amblyopia--visual improvement and occlusion therapy, color 
anomalies--visual improvement. 2) Chronic edema which includes: Fuch's epithelial 
dystrophy--bandage and dehydration, bullous keratopathy--bandage and pain reduction, 
physiological edema--dehydration. 3) Persistent epithelial defects which include: epithelial 
basement membrane disorders--bandage, recurrent corneal erosion--bandage and dehydration, 
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Cogan's microcystic degeneration--bandage and pain reduction. 4) Mechanical irritations 
which include: entropian and trichiasis. 5) Drying and erosive syndromes which include: dry 
eye/KCS--hydration, exposure keratitis (Bell's Palsy, coloboma, hyperthyroidism, 
lagophthalmos, postblepharoplasty)--mechanical protection, filamentary keratitis--promote 
healing, and dellen--hydration. 6) Keratoconus. 7) Aphakia. 8) Diabetes which can include: 
progressive epithelial basement membrane dystrophy, retarded epithelial healing rate, chronic 
epithelial syndromes, and chronic or frequent re-erosion--bandage and promote healing. 9) 
Microwounds which can occur from postoperative anterior segment surgery. 1 0) Viral 
disease--promote healing of recurrent SPK. 11) Corneal grafting--bandage, mechanical 
protection, promote healing, and visual enhancement. 1 ,3,5, 12, 14, 18,19,22,23 
Other causes for use of hydrogel lenses include: neurotrophic keratitis, Terrien's marginal 
corneal dystrophy, Mooren's ulcer iridocorneal endothelial dysgenesis, ocular pemphigoid, SPK 
of Thygeson, SLK of Theodore, corneal burns, restoration of conjunctival fornices, treatment of 
descemetocele, symblepharon prevention, filariasis and the use of a plastic covered lead shell in 
radiation treatment of a malignant tumor of the orbital region. 3, 12, 14, 18,19,23 
In addition to the uses already mentioned therapeutic hydrogel lenses may be utilized as a 
drug delivery system. If a hydrogel lens is placed into a solution containing a drug, the drug is 
taken up by the lens. The concentration of the drug in the lens increases and then levels off to a 
fairly constant concentration which is usually quite higher than the original solution. When the 
lens is placed on the eye, the drug release time is typically extended over a period of time. This 
mode of application has two advantages over the conventional application of topical drugs. First, 
the number of applications can be reduced, and second, the penetration to the internal eye can be 
kept at a more uniform level. 1 
The majority of the research utilizing the hydrogel lens as a drug delivery system employs 
pilocarpine. Podos et al. studied the diurnal variation of pressure in ten patients with high 
ocular tension. Their studies showed that 0.5 percent pilocarpine had little or no effect when 
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topically administered three times per day. However, if a hydrogel lens was soaked in 0.5 
percent pilocarpine for two minutes and then inserted for 23 hours, there was a significant 
reduction of lOP. 1 The pilocarpine diffuses out of the lens as water molecules diffuse in and the 
process continues until a new balance between pilocarpine concentration inside and outside the 
lens is achieved. But this equilibrium is never reached in the eye because pilocarpine is 
removed outside the eye by drainage and corneal absorption. Thus, diffusion of pilocarpine 
continues until the lens is depleted of the drug. Since molecules with molecular weights under 
400 enter the lens, drugs such as pilocarpine and chloramphenicol may be delivered by this 
method, whereas large molecular weight compounds such as colistin may not. One of the major 
concerns about the use of hydrogel lenses as a drug delivery system is the absorption by the lens 
of other chemicals that may be toxic to corneal epithelium. ·14,22,23 
VI. THE FUTURE OF CONTACT LENSES 
The technology of contact lenses has advanced considerably during the last 1 00 years with 
the introduction of RGP lenses, tints, extended wear lenses, bifocal contact lenses and the new 
disposable lenses. Who knows what the future holds during the next 1 00 years? These last 
closing statements are taken from an article by Joseph T. Barr, O.D., editor of "Contact Lens 
Spectrum". In the 1990's, new, flexible materials are introduced and design becomes a greater 
issue to all practitioners. The years 2000-201 o are characterized by enhancement of contact 
lens optics and surface chemistry. The years 2011-2025 bring us advanced cellular treatment 
to allow the eye to better accept a contact lens along with breakthroughs in corneal surgery 
treatment of refractive error. Living tissue lenses are developed in the years between 
2026-2050. And in the years following, we celebrate the Bicentennial of Contact Lenses, 
genetic engineering allows the prevention of myopia, and contact lenses are used less and less 
frequently because of breakthroughs in preventing aging and presbyopia. 24 
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